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ABSTRACT 
The aim of this study was to develop and validate a questionnaire related to the risk perception in 
canyoning. Cross-validation and transcultural invariance, across Portugal and Spain, were also analysed. A 
total of 707 canyoners (81.3% males, 18.7% females) from Portugal (47.5%) and Spain (52.5%) 
participated in this study, with ages between 18 and 57 years old (M = 36.13; SD = 7.71). The initial 
version of questionnaire had 49 items. With the Temporal Reliability Analysis, the items that showed no 
correlation between the two moments of the administration of the questionnaire, p>.05, were removed 
and only 46 items remained. The Exploratory Factor Analysis was developed by choosing the 25 items with 
higher factorial weight. Six dimensions were found which we managed to identify and characterise with the 
help of literature. With the Confirmatory Factor Analysis and based on the analysis of the modification 
indices, 4 items were eliminated, as they presented very high residual values, which contributed to an 
inadequacy of the model. In this manner, a questionnaire with 21 items was achieved. The final version of 
the questionnaire showed acceptable values related to reliability and construct validation. Therefore, this 
allows it to be used in the risk perception in canyoning, with 21 items, distributed among 6 dimensions. 
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INTRODUCTION 
Canyoning is a nature and adventure sport 
(NAS) which is characterised by a controlled 
progression in the river/stream bed. The 
canyoner has to overcome vertical obstacles by 
means of various techniques and appropriate 
equipment (Paz et al., 2014). One the of the ways 
to overcome the obstacles is by resorting to the 
use of rope maneuvering, with rappel being the 
most frequent (Acerete et al., 2013). However, 
the “École Française de Descente de Canyon”, 
together with the “Fédération Française de 
Spéléologie” considered canyoning as being a risk 
sport, since the latter is related to the fact that the 
place is isolated, of difficult access and with a 
progression via vertical means (EFDC & FFE, 
2001). Additionally, this progression can have the 
disadvantage of taking place in water, and in 
certain situations this water can be turbulent 
with all the inherent risks (Ortega, 2009). 
We clearly understand that the risk exists and, 
therefore, it is important to calculate and 
minimize it, managing to deal with these 
occurrences. The majority of the NAS accept the 
risk as being one of its characteristics. However, 
these occur when two factors combine, the 
human and environmental factors. When these 
factors combine or interact they create an 
accident-prone situation (Ayora, 2011, 2012; 
EEAM, 2001; Ennes, 2013). The behavioural 
factors, which are the more subjective, are those 
that sometimes make the participant to 
underestimate the risks inherent to these 
activities. Therefore, to practice this risk activity, 
it is essential to have a set of skills and master 
specialized and complex techniques that 
guarantee the practice of the activity with 
maximum safety and a smaller margin of error 
(Ayora, 2011). The training of the canyoners and 
technicians is vastly important and should at all 
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times be taken into account. (Bentley & Page, 
2008). 
This is a recent sport but has expanded greatly 
in some countries: France, Spain, Italy, 
Switzerland, Australia and New Zealand. 
However, the studies on the field of canyoning are 
reduced, particularly in the area of risk, which 
makes it difficult to know how the canyoner 
perceives this issue in canyoning (Hardiman & 
Burgin, 2010). Nowadays, those who practice 
NAS seek new and strong emotions but there 
must be a concern and the notion of the real risks 
associated with these activities. Such a balance 
helps the canyoners to reach their objective in a 
safe manner. This involves risk maximization but 
the canyoner tries to control in a positive way the 
uncertainty of the final result. All this is 
designated as risk management , which has an 
essential role in the success of the activity 
(Bentley et al., 2007). Thus, arises our concern 
for the notion of the perception of risks which the 
canyoners of the Iberian Peninsula countries are 
subject to when they practice the activity. Bearing 
this in mind, this study aimed at the validation of 
a final version of PQRc, based on content 
validation. This version was developed by a panel 
of 60 experts from the canyoning area, with 
academics, and rescue groups and experienced 
practitioners, using the Delphi method (Brandão, 
2016). 
 
METHOD 
Participants 
Study 1: The sample was comprised of 210 
canyoners (101 Portuguese and 109 Spanish). 
The age varied between 18 and 57 years 
(M=36.21; SD= 7.92). The majority 169 
(80.5%) belonging to the male gender. The 
average number of years in the practice of this 
activity was of 9.66 ± 7.03.  
Study 2: The sample was comprised of 250 
canyoners (115 Portuguese and 135 Spanish). 
The age varied between 18 and 57 (M=36 
SD=6.91). The majority 205 (82%) belonging 
to the male gender and the average number of 
years in the practice of this activity was 9.56 
± 6.91.  
Study 3: To perform this analysis, all used samples 
were grouped into a single sample, 
corresponding to a total of 707 canyoners. 
Subsequently, this sample was divided into 
four groups: calibration sample (n=356); 
validation sample (n=351); Portuguese 
canyoners (n=339) and Spanish canyoners 
(n=368).  
The samples are characterized as follow: 
Calibration sample: This sample was comprised of 
356 canyoners, (161 Portuguese; 195 
Spanish); age varied between 18 to 59 years 
old (M=36.37; SD=7.93). The majority 275 
(77.2%) belonging to the male gender and the 
average number of years in the practice of this 
activity was 17.97 ± 7.91. 
Validation sample: This sample was comprised of 
351 canyoners, (178 Portuguese; 173 
Spanish); age varied between 18 to 57 years 
old (M=35.88; SD=7.46). The majority 300 
(85.5%) belonging to the male gender and the 
average number of years in the practice of this 
activity was 18.23 ± 6.96. 
Portuguese sample: This sample was comprised of 
339 Portuguese canyoners, (39 female; 300 
male); age varied between 18 to 57 years 
(M=34.24; SD=7.38), and the average 
number of years in the practice of this activity 
was 25.37 ± 8.09. 
Spanish sample: This sample was comprised of 368 
Spanish canyoners, (93 female; 275 male); age 
varied between 24 to 57 years (M=37.87; 
SD=7.60), and the average number of years in 
the practice of this activity was 11.40 ± 8.17. 
 
Data collection 
For the data collection, a convenience sample 
was used. Spanish and Portuguese were 
contacted, as well as some clubs of the same 
countries. All participants were contacted by the 
research team for the questionnaire procedure 
and any queries to be explained.  
The completion of the questionnaire was 
carried out on-line on the Survey Monkey 
platform. Before the participants proceeded with 
filling in the questionnaire, the latter was tested 
by 5 people that practice NAS, 3 teachers of 
Portuguese and 3 teachers of Spanish. They gave 
their opinion in terms of its readability and 
workability. The alterations suggested were made 
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and, therefore, a clearer questionnaire was 
achieved.  
Our sample consisted in Portuguese and 
Spanish canyoners, with a total of 707 
questionnaires being used for the whole analysis. 
In this study we had 3 study moments when 
different samples were used: Study 1 - 210 
questionnaires; Study 2 - 250 questionnaires; 
Study 3 - 247 questionnaires. The questionnaires 
were filled through the Survey Monkey platform, 
with a mean filling time of 10 minutes. 
The information collected was anonymous 
and confidential and was used only in the scope 
of this research for statistical analysis, in which 
confidentiality principle was safeguarded, since 
all the interveners signed a consent document. 
 
Instruments 
The participants had to classify their degree of 
agreement related to the statements of the PQRc 
instrument that was constructed through the 
Delphy methodology, through the Likert scale 
which varies between 1 “never” and 4 “always” 
(Brandão, 2016). 
The sample and use of experts are considered 
vital for the quality of the results in this process. 
In the Delphi technique the sample does not use 
a random representation of the population, but 
rather a group of specialists in the researched 
area. Therefore, our concern was to include 
academic specialists involved in research in 
canyoning; members of intervention and/or 
rescue groups, with training in rope 
manoeuvring, having performed and/or trained in 
environmental places where canyoning is 
practised; and finally those who have more than 
10000 hours of practice/training in this activity 
and/or more than 8 years of canyoning (Colvin, 
2010; Green et al., 1999). 
Study 1: For the Temporal Reliability Analysis 
(TRA) we carried out the test for 49 items 
with a 4-point Likert Scale, varied from 1 
(never) and and 4 (always). The original 
questionnaire and it was administered within 
two weeks interval.  
Study 2: After the TRA, we applied the 
Exploratory Factor Analysis (EFA) on the 
questionnaire adapted to 47 items with a 4-
point Likert Scale, varied from 1 (never) and 4 
(always). The purpose of finding and 
analysing the number of dimensions for a 
structure of the set of variables, which 
consider the highly correlated variables with 
the capacity to summarize the information in 
the variables into a reduced number of 
dimensions.  
Study 3: For the Confirmatory Factor Analysis 
(CFA) the version obtained of the CFA with 
25 items was used with a 4-point Likert Scale, 
ranging from 1 (never), 2 (rarely), 3 (often), 
and 4 (always). The purpose being to find the 
measurement model of the PQRc. 
 
Statistical Analysis 
Study 1: Firstly, an analysis was carried out to 
evaluate the time reliability of the answers to the 
questionnaire items by the subjects. The purpose 
was to evaluate the temporal stability coefficient 
and, therefore, a test-retest analysis was 
performed using the Pearson correlation r 
coefficient, to check if the variables are 
associated. We verified the force and direction of 
this association between the two moments the 
questionnaire was administered varying between 
+1 and -1. This procedure aims at administering 
the instrument to the same subject in two distinct 
moments of time and administered with the same 
conditions. Although there is no consensus in the 
literature about how much time we should wait, 
from the first to the second moment, best 
practices recommend two weeks, such as 
suggested by Hill and Hill (2012). 
The items that presented no correlation 
between the two moments of the questionnaire 
administration, p > .05, were removed from the 
questionnaire. For the items that remained, the 
correlation was significant at the level of p <.01 
(Saint-Maurice et al., 2014). 
Study 2: For the EFA, we considered the 
minimum ratio suitable 5:1 (number of 
participants for each item of the questionnaire), 
as recommended for this type of analysis by Hair, 
Black, Babin, and Anderson (2014), as well as the 
best practices recommended by some authors, 
such as Hair et al. (2014), Kline (2011), 
Worthington and Whittaker (2006) more 
precisely: principal component method with 
varimax rotation; Kaiser criterion (eigenvalue 
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≥1.0); Kaiser-Meyer-Olkin test (KMO≥.08 
p≤.01), combined with Bartlett´s test to verify 
the degree of adequacy and sphericity; factorial 
weights between .30 (minimum criterion) and 
.50 (recommended criterion inexistence of items 
with factorial weights of some relevance (factor 
loadings > 0.30) by more than one factor. If that 
happens and if the difference between them is not 
significant (cross-loads ≤ 0.15), the item must be 
eliminated, factorial variance equal or above 40%; 
internal consistency measured by Cronbach’s 
Alpha, establishing .60 as the minimum criterion 
and .70 as the recommended, verify if the latter 
does not increase if an item is eliminated and only 
factors with at least three items should be 
retained. The analyses were undertaken using 
SPSS 20.0. 
Study 3: The Confirmatory Factor Analysis (CFA) 
was operated using the maximum likelihood 
(ML) method, based on the chi-square test (χ²) 
and respective degrees of freedom (df), as well as 
the level of significance (p). In order to verify the 
adjustment quality assumptions of the 
measurement model, the traditional absolute and 
incremental indices were used: Standardized 
Root Mean Square Residual (SRMR), Root Mean 
Square Error of Approximation (RMSEA) and its 
confidence interval (90% CI), Comparative Fit 
Index (CFI), Non-Normed Fit Index (NNFI), 
respectively. For these indexes, the cut-off values 
suggested by several authors (Byrne, 2010, Hair, 
et al., 2010; Marsh, Hau, & Wen, 2004) were 
adopted: SRMR ≤0.0, CFI and NNFI ≥90 and 
RMSEA ≤. 08. The analyses were undertaken 
using AMOS 20.0. 
 
Cross-Validation Cross-Cultural Invariance 
For the cross-validation, the 
recommendations of Byrne (2010) were adopted, 
which suggests that when it is not possible to 
collect two independent samples, the sample 
should be divided randomly into two samples 
(50%). In that sense, following the good practices 
mentioned, all the samples used were gathered in 
a single database and divided into two sub-
samples, one of which was constituted as a 
calibration sample and the other as a validation 
sample. In this way the measurement model from 
the exploratory analysis was analysed in the 
calibration sample, and the final model resulting 
from this analysis analysed in the validation 
sample. 
In addition to cross-validation, we resorted to 
the study of invariance between Portuguese and 
Spanish practitioners. The main purpose of cross-
cultural invariance is to evaluate if the structure 
of the measurement model is equivalent 
(invariant) in different groups that have different 
characteristics (e.g., Portuguese vs. Spanish 
culture), According to Sass (2011) and Chen 
(2008), the cross-cultural analysis is one of the 
most important analysis in psychometric studies. 
In order to verify if there was cross-validation 
and cultural invariance, we used the analysis of 
multigroup, following the recommendations of 
some authors (Byrne, 2010; Cheung & Rensvold, 
2002), which suggest that to exist invariance it is 
necessary to verify two criteria: 1) measurement 
model should be adjusted in to each group; b) to 
perform a multigroup analysis, it is necessary to 
examine the following invariance types: 
configural invariance (unconstrained model); 
metric invariance (factor loadings equal); strong 
invariance (factor loadings and item intercepts 
equal) and strict invariance (factor loadings, item 
intercepts, and item residuals equal). According 
to Cheung and Rensvold (2002), the difference in 
values between the unconstrained model (free 
parameters) and the constrained model´s (fixed 
parameters) should be ∆CFI ≤ .01. In line with 
Cheung and Rensvold (2002), determining 
invariance in multi-sample testing using the Δχ2 
value has been considered unsatisfactory. From 
this perspective, Cheung and Rensvold (2002) 
revealed that decisions should be based on CFI 
differences (∆CFI). 
Finally, the convergent validity was calculated, 
using the average variance extracted (AVE), 
considering values of AVE ≥ .50. Besides the 
convergent validity, the discriminant validity was 
calculated, obtaining good values when the 
correlation square between the factor is not 
superior to the AVE value, as well as the 
composite reliability (CR), considering 
adjustable values those from .60, as 
recommended by Hair et al. (2014), and Fornell 
and Larcker (1981). The analyses were 
undertaken using AMOS 20.0.  
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Table 1 
Correlational Analysis test-retest (N = 210) 
ITEMS M/SD 1st moment M/SD 2nd moment Value r Value p 
A1 3.92 ± .26 3.84 ± .36 .170 .077 
A2 3.90 ± .31 3.92 ± .27 .355 .000* 
A3 3.74 ± .46 3.70 ± .48 .408 .000* 
A4 3.61 ± .57 3.58 ± .56 .416 .000* 
A5 3.64 ± .50 3.70 ± .48 .438 .000* 
A6 3.69 ± .56 3.73 ± .45 .189 .059 
A7 3.65 ± .55 3.68 ± .48 .297 .000* 
A8 3.60 ± .52 3.56 ± .58 .308 .000* 
A9 3.58 ± .65 3.67 ± .55 .458 .000* 
A10 3.62 ± .59 3.61 ± .54 .274 .000* 
B1 3.34 ± .61 3.38 ± .53 .443 .000* 
B2 3.78 ± .43 3.79 ± .42 .429 .000* 
B3 3.72 ± 0.47 3.76 ± .45 .420 .000* 
B4 3.77 ± .44 3.79 ± .41 .441 .000* 
B5 3.63 ± .49 3.67 ± .48 .499 .000* 
B6 3.85 ± .39 3.85 ± .39 .544 .000* 
B7 3.70 ± 0.49 3.72 ± .48 .543 .000* 
B8 3.70 ± .49 3.74 ± .46 .351 .000* 
B9 3.40 ± .58 3.44 ± .54 .459 .000* 
B10 3.49 ± .61 3.62 ± .52 .414 .000* 
B11 3.43 ± .61 3.40 ± .53 .432 .000* 
B12 3.40 ± .56 3.47 ± .53 .449 .000* 
B13 3.51 ± .59 3.55 ± .54 .340 .000* 
B14 3.64 ± .56 3.66 ± .50 .433 .000* 
B15 3.86 ± .36 3.90 ± .30 .403 .000* 
B16 3.51 ± .55 3.60 ± .51 .356 .000* 
B17 3.50 ± .61 3.58 ± . 56 .418 .000* 
B18 3.50 ± .61 3.60 ± .55 .472 .000* 
B19 3.63 ± .56 3.74 ± .45 .505 .000* 
B20 3.71 ± .50 3.75 ± .47 .384 .000* 
B21 3.42 ± .68 3.53 ± .62 .497 .000* 
B22 3.32 ± .69 3.41 ± .65 .619 .000* 
B23 3.50 ± .83 3.63 ± .69 .385 .000* 
B24 3.43 ± .63 3.59 ± .53 .489 .000* 
B25 3.42 ± .58 3.48 ± .56 .503 .000* 
B26 3.45 ± .58 3.50 ± .54 .470 .000* 
B27 3.49 ± .66 3.50 ± .61 .409 .000* 
B28 3.47 ± .57 3.45 ± .54 .456 .000* 
B29 3.65 ± .54 3.69 ± .50 .464 .000* 
B30 3.48 ± .56 3.49 ± .51 .473 .000* 
B31 3.40 ± .61 3.52 ± .56 .449 .000* 
B32 3.30 ± .71 3.40 ± .63 .485 .000* 
B33 3.54 ± .55 3.56 ± .54 .427 .000* 
B34 3.38 ± .57 3.40 ± .57 .572 .000* 
B35 3.46 ± .55 3.54 ± .53 .455 .000* 
B36 3.50 ± .56 3.59 ± .51 .471 .000* 
B37 3.39 ± .57 3.51 ± .56 .428 .000* 
B38 3.71 ± 53 3.80 ± .41 .425 .000* 
B39 3.84 ± .37 3.89 ± .31 .435 .000* 
*p <0.01 
 
RESULTS 
Study 1 
Analysing table 1, we verify that the 
questionnaire items presented time reliability 
since the results proved by Pearson’s r coefficient 
showed positive and significant correlations 
between the items in the two moments, with the 
exception of two items which do not show time 
reliability. According to Hair et al. (2014), and 
Hill and Hill (2012), when this assumption is not 
verified the items have to be eliminated. We, 
therefore, followed the procedure by eliminating 
items A1 and A6. 
 
Study 2 
In relation to EFA, as demonstrated in table 2, 
six factors were extracted, with eigenvalue ≥ 1.0, 
which together justify 55.33% of the total 
variance of the results, considered quite 
satisfactory in studies of this nature. (Hair et al., 
2014). Consequently, with this analysis 21 items 
were eliminated for being cross-loadings and the 
difference between them not equal to or above .15 
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(Hair et al., 2014; Worthington & Whittaker, 
2006). Besides these items, one more was 
eliminated for showing a commonality below .40 
(Item B23 - .29). According to Worthington and 
Whittaker (2006), when such a procedure occurs 
the item has to be eliminated as most of the 
variance remains unexplained, and the solution is 
to be found with 25 items.  
 
Table 2 
EFA with oblimin direct rotation (n=250) 
Factors and Items Commonality OP COG AMB EMO CG FIS 
1 – OPERATIONAL (OP)        
B25 .586 .681      
B31 .446 .766      
B32 .529 .707      
B33 .626 .716      
B34 .557 .656      
2 – COGNITIVE (COG)        
B6 .628  .663     
B7 .483  .710     
B8 .612  .727     
B38 .588  .708     
3 – ENVIRONMENT (ENV)        
A2 .569   .584    
A4 .497   .514    
A5 .552   .645    
A9 .604   .650    
A10 .731   .659    
4 – EMOTIONAL (EMO)        
B2 .515    .633   
B4 .627    .734   
B15 .630    .718   
5 – GROUP BEHAVIOR (GB)        
B5 .629     .729  
B27 .551     .746  
B28 .533     .582  
6 – PHYSIOLOGICAL (PHYS)        
B9 .478      .728 
B10 .410      .673 
B11 .604      .788 
B12 .622      .794 
B24 .496      .607 
Nº Items  5 4 5 3 3 5 
Eigenvalue  7.34 2.13 1.49 1.23 1.12 1.08 
Variance (%)  28.2% 8.18 % 5.73% 4.74% 4.31% 4.16% 
Cronbach’s alfa  α=.79 α=.71 α=.60 α=.69 α=.62 α=.79 
 
Regarding the factorial weights in the 
respective factors, the values vary between .51 
and .79, which is considered excellent by Kline 
(2011) and, consequently, all the items explain at 
least 25% of the variance of the latent factor. The 
internal consistency of the factors proved to be 
appropriate, in conformity with the criteria 
adopted in the methodology, although it was 
below the recommended level in three factors. No 
cross-loadings were detected. However, as 
referred in the methodology, we accept values 
equal or above .60, minimum acceptable 
criterion, as stipulated by Hair et al. (2014). It 
was also noticed that the internal consistency did 
not increase if the items were eliminated. 
Lastly, when analysing the semantic content 
of the items in each factor, the latter were 
designated as follows: factor 1 includes 
information on the operational part (OP), 
referring to the practices, the processes, the 
activity systems; factor 2 presents issues related 
to the cognitive component (COG), referring to 
the acquisition of knowledge for the practice of 
canyoning, with the capacity to process data for 
the learning processes; factor 3 relates to the 
environment (ENV), typical of the practice areas, 
environment framework, without Man’s action; 
factor 4 presents statements regarding emotions 
(EMO) related to the emotional experience, 
which may occur in a sudden manner and is 
aroused by an object or exciting situation, causing 
reactions in the canyoner’s emotional state and 
process; factor 5 is related to behavioural group 
factors (GB), concept which refers to the group 
dynamics, which is regarded as a number of 
people who build ties among themselves, placing 
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their cohesion in being together; factor 6 related 
to the physiological component (PHYS), that is, 
an athlete’s physical condition in his 
morphological, muscular, motor, cardiovascular 
component and his health condition. 
 
Preliminary Analysis 
Before the AFC, cross-validation and 
invariance between countries, a preliminary 
analysis was performed. This analysis revealed 
that there were no missing values in any of the 
analysed samples. However, univariate (z > 3.00) 
and multivariate (squared Mahalanobis distance 
= p1 < .001, p2 < .001) outliers were detected, 
specifically, one in calibration sample, three in 
validation sample, two in Portuguese sample and 
four in Spanish sample. These subjects were 
removed by further analysis (Byrne, 2006; Hair et 
al., 2014). Still, no violation of univariate data 
distribution was detected, because the skewness 
(|S|) and kurtosis (|K|) values for all samples 
varied between -2 to 2 and -7 to 7, respectively 
(Hair et al., 2014). However, the mardia 
coefficient revealed a non-normal data 
distribution for all samples analysed: calibration 
sample (129.15); validation sample (108.390); 
Portuguese sample (84.59) and Spanish sample 
(1237.31). In line with Nevitt and Hancock 
(2001), BollenStine bootstrap on 2000 samples 
was used. 
 
Study 3 
By examining Table 3 it can be verified that 
the model from the EFA analysed in the 
calibration sample did not fit the data according 
to the cut-off values adopted in the methodology 
(Byrne, 2010, Hair et al., 2014; Marsh et al., 
2004). In this sense, the modification indexes 
were analysed, which resulted in the elimination 
of 4 items (A2; A4; B11; B38), derived from being 
cross-loadings (Byrne, 2010). After this 
procedure the final version (6 factors/21 items) 
was adjusted to the data in all the samples under 
analysis: calibration, validation, Portuguese and 
Spanish samples. 
Based on Table 4, it is possible to verify that 
all factors in the two samples (calibration and 
validation) presented adequate internal 
consistency, with composite reliability values 
ranging from .60 to .81 (Fornell & Larcker, 1981; 
Hair et al., 2014). However, all factors, except for 
the emotional factor (validation sample), 
presented problems of convergent validity (AVE 
<.50), as suggested by several authors (Fornell & 
Larcker, 1981; Hair et al., 2014). In addition, they 
presented discriminant validity problems 
involving factors such as OP-BG; OP-PHYS; 
EMO-COG; PHYS-BG (calibration sample); OP-
BG; OP-PHYS; EMO-COG; BG-ENV, PHYS-ENV, 
PHYS-BG (validation sample), since the square of 
the correlations between the factors was higher 
than the VEM value of both factors (Fornell & 
Larcker, 1981; Hair et al., 2014).  
Regarding the CFA, as figure 1 illustrates 
(validation sample), we verify positive and 
significant correlations between all the factors, 
varying from .23 to .91. On the other hand, 
factorial validity is also verified as all the items 
have a factorial weight in the respective factor and 
all statistically significant (p< .05), which vary 
between .44 and .78, explaining in this manner a 
good percentage of the variance of the latent 
variable.  
 
Table 3 
Goodness of fit indexes for all samples analysed 
Measurement Models χ² df B-S SRMR TLI CFI RMSEA RMSEA-90% 
Initial Model (CS) 608.044 260 <.001 .061 .856 .875 .061 .055-.068 
Final Model (CS) 414.070 174 <.001 .059 .901 .908 .062 .055.070 
Modelo Final (VS) 436.102 174 <.001 .054 .903 .910 .066 .058-.073 
Portuguese Sample 437.314 174 <.001 .061 .899 .905 .067 .059-.075 
Spanish Sample 507.314 174 <.001 .054 .902 .914 .072 .065-.080 
Legend: χ² = chi-squared; df = degrees of freedom B-S= bootstrap bollen-stine; SRMR = Standardised Root Mean Square 
Residual; NNFI = Non-normed Fit Index; CFI = Comparative Fit Index; RMSEA = Root Mean Squared Error of Approximation; 
CI = Confidence Interval; CS= calibration sample; VS= validation sample. 
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Table 4 
Composite reliability, convergent and discriminant validity for calibration and validation sample (final model- 21itens/6 factors) 
Factors (CS) CR AVE OP COG ENV EMO BG PHYS 
OP .81 .46 - - - - - - 
COG .61 .33 .40* - - - - - 
ENV .61 .35 .22* .14* - - - - 
EMO .70 .44 .27* .77* .17* - - - 
BG .64 37 .67* 31* .19* .30* - - 
PHYS .75 .45 .77* .28* .28* .24* .74* - 
Factors (VS) CR AVE OP COG ENV EMO BG PHYS 
OP .77 .40 - - - - - - 
COG .68 .41 .29* - - - - - 
ENV .60 .33 .38* .05* - - - - 
EMO .75 .51 .37* .64* .16* - - - 
BG .63 .37 .70* .33* .44* .34* - - 
PHYS .75 .43 .83* .32* .44* .39* .77* - 
Legend: CR= composite reliability; AVE= average variance extracted; OP= operational; COG= cognitive; ENV= environment; 
EMO= emotional; BG= Behaviour group; PHYS= physiological 
 
Figure 1. Standardised individual variables (covariance factors, factorial weights, and measurement errors), all 
of which were significant in the measurement model (PRQCp – six factors/21 items) for validation sample 
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Based on table 5, it is verified that the 
measurement model (21 items / 6 factors) is 
invariant between samples, evidenced by cross-
validity and invariant between countries, showing 
that it can be used by Portuguese and Spanish 
practitioners.  
 
Table 5 
Goodness-of-fit indexes for the invariance of the measurement model of the PRQC across samples and countries 
Models χ² df ∆ χ² ∆df p CFI ∆CFI 
CS-VS        
CI 850.172 348 - - - .902 - 
MI 860.275 363 10.102 15 .813 .902 .000 
SI 881.921 384 31.748 36 .671 .901 .001 
RI 915.832 405 65.659 57 .202 .895 .007 
Portugal-Spain        
CI 944.852 348 - - - .903 - 
MI 981.040 363 36.188 15 .002 .901 .002 
SI 1083.613 384 138.761 36 <.001 .900 .003 
RI 1334.616 405 389.764 57 <.001 .897 .006 
Legend: CS= calibration sample; VS= validation sample; χ² = Chi-squared; df = degrees of freedom; ∆χ² = diferenças no valor 
de qui-quadrado; ∆df = diferences in degrees of freedom; CFI = comparative fit index; ∆CFI = differences in value of comparative 
fit index; CI= configural invariance; MI= measurement invariance; SI= scalar invariance; RI= residual invariance 
 
DISCUSSION 
The aim of this study was the validation of the 
PQRc to the evaluation of the underlying risk 
factor in the canyoning. In a first instance, results 
revealed a temporal reliability of the test-retest 
method, presenting significant correlations 
between the two moments, in all the items, 
except (A1) and (A6), which were eliminated. 
According to Hill and Hill (2012) and Martins 
(2011), this indicator shows that the items are 
perceived in the same way at the two moments 
and, therefore, adding temporal solidity to the 
questionnaire. 
For the TRA, Hill and Hill (2012) 
recommendations were used, the use of the 
instrument is suggested to at least 30 subjects 
and so, in our case, 210 respondents were used. 
In relation to the EFE, good initial psychometric 
qualities were shown for a six-factor model with 
25 items. Regarding the questionnaire developed 
initially, which resorted to the Delphi 
methodology, with a result of 49 items, two of 
which were eliminated based on the test-retest, 
as previously referred, out of the 47 remaining 
items 21 items were eliminated, due to the fact 
that they presented cross-loadings and the 
difference between them was not above 0.15. 
Therefore, when such evidence is available, the 
correct procedure to be used is the elimination 
(Hair et al., 2014; Worthington & Whittaker, 
2006). When applicate the EFA test, another item 
was eliminated (B23), because it presented a low 
commonality (.29), according to Worthington 
and Whittaker (2006), who suggest the 
elimination of items with a commonality below 
0.40. 
Two independent samples were used, one for 
the EFA and another for the CFA, meanwhile it 
is not appropriate to use the same sample in the 
EFA and the CFA, as the problems encountered 
in the EFA can be counted for the CFA when the 
same sample is used (Kline, 2011). Although two 
independent samples were used, one for the EFA 
and other one for the CFA, for the 
accomplishment of the CFA, all the samples used 
in the previous analyses were incorporated in the 
CFA, since it was necessary to perform a cross-
validation, following best practices recommended 
by Byrne (2010). 
The resulting EFA model was analysed in the 
calibration sample and did not fit the data 
according to the values adopted in the 
methodology (Byrne, 2010, Hair et al., 2014; 
Marsh et al., 2004). After the analysis of the 
modification indexes, four items were removed, 
as they were cross-loading (Kline, 2011; 
Worthington & Whitakker, 2006; Hensen & 
Roberts, 2006). As a result, the final model (21 
items/6 factors) was adjusted to the data in all 
samples under analysis (i.e., calibration and 
validation samples, as well as Portuguese and 
Spanish canyoners), according to the cut-off 
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values adopted in the methodology (Byrne, 2010, 
Hair et al., 2014, Marsh et al., 2004). 
Regarding the composite reliability, all the 
factors showed an appropriate internal 
consistency, with CF values varying between .60 
e .75 (Fornell & Larcker, 1981; Hair et al., 2014), 
which in turn indicate factorial validity, so all the 
items have a factorial weight in the respective 
factor, varying between .48 and .78, therefore, 
explaining most of the variance of the latent 
factor (Hair et al., 2014). 
On the other hand, validity convergent 
problems are verified in all the factors (expect the 
Emotional factor in validation sample), meaning 
that the items are not converging solidly with 
these factors. However, all the items show an 
appropriate factorial weight and are statistically 
significant in the respective factor and according 
to Hair et al. (2014) this is an excellent indicator 
of convergent validity. Besides this, in accordance 
with Byrne (2010), none of the items appeared to 
be a cross-loading, nor presented high residual 
values and therefore, this is an indicator of 
adjustment of the items in the factors. 
Nevertheless, we still verified discriminant 
validity problems among OP-BG; OP-PHYS; 
EMO-COG; PHYS-BG (calibration sample); OP-
BG; OP-PHYS; EMO-COG; BG-ENV; PHYS-ENV; 
PHYS-BG (validation sample). This may mean 
that the factors are not sufficiently distinct from 
one another (Fornell & Larcker, 1981; Hair et al., 
2014). This evidence may be associated to the fact 
that the questionnaire was created from scratch, 
based on what is mentioned in the literature and 
with the help of the specialists and canyoners, 
members of Intervention groups and/or rescue, 
researchers in the area of risk and nature and 
adventure sport (NAS).  
In regard to cross-validation and cross-
cultural invariance, the results show that the final 
measurement model (21 items/6 factors) was 
invariant both between the sample (calibration 
and validation sample) and between countries 
(Portugal and Spain). The values found reveal the 
following: configural invariance - the same 
number of manifold variables (i.e. items) is 
present in the same number of latent variables 
(i.e. factors); metric invariance - the factor 
weights of the respective factors of the 
PRQCanyoning have the same meaning in both 
samples of this population, as well as between 
countries; scalar invariance - ensures that the 
obtained results are totally related to the latent 
trait level of the subjects, independently of the 
group; residual invariance confirms that the 
residues of the items are the same for the 
different groups. According to Chen (2008), 
when the assumptions of invariance are verified 
it is allowed to make comparisons in the 
populations, as well as between Portuguese and 
Spanish. 
In spite of the questionnaire having been 
developed with the aid of a theoretical model, the 
latter is not specifically for the area of canyoning 
but rather fits into the NAS, including distinct 
activities, such as wall-climbing, rafting, 
mountaineering, among many other activities, 
but also showing flaws in the scientific solidity 
(Ayora, 2012; Ennes, 2013). What could equally 
influence the results in the discriminant validity 
was the fact of the risk factors in canyoning not 
being perceived in an isolated form, that is, one 
at a time never happens but various factors 
simultaneously, with these factors being 
interconnected among themselves, as Ayora 
(2011) presents in the theory of the concentric 
circles. This same author clarifies that the factors 
are not fixed and are unpredictable. It is a 
dynamic system and changes may occur in the 
actual course of the activity, placing the 
subject/canyoner at risk. 
The tool that resulted from this process 
provides the scientific community with the way 
practitioners perceive the risk in canyoning. The 
information obtained through the application of 
this questionnaire will be useful to know the 
perception of risk. After this process, we arrived 
at the end with the PQRc validated with a total of 
21 items, distributed in six dimensions. This 
study shows the importance of validation, since 
the results obtained and the conclusions drawn 
reflect a more assertive way to apply the 
questionnaire. Although the values showed 
fragility in the discriminant validity, implying 
that there may be problems in interpreting the 
results, it should be noted that no tool was found 
that could assess the perceived risk of canyoning 
by practitioners. This questionnaire can be seen 
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as the beginning of a path to be developed. The 
results obtained can be used to practice the sport 
more safely, and can assist the coaches, monitors 
and guides of this kind of activities, since they 
reinforce the way of acting in the field, with a 
more theoretical support and framed with the 
science. 
The data from this study can reinforce the 
awareness of the need for a better understanding 
of the sport, as well as to point out some ideas to 
be developed, either by institutions, clubs, 
coaches, academics or by athletes who want to be 
more aware of the dangers to which they are 
subjected. It is important to point out that the 
tool developed by us may not generate consensus 
in all areas of the world. This was only developed 
and validated for the Portuguese and Spanish 
populations, knowing that other risk factors may 
be more relevant in other latitudes of the planet 
(Bentley & Haslam, 2001; Bentley, Cater, & Page, 
2010). Further, research is needed to provide the 
feasibility analysis of this assessment and to 
adapt and replicate this tool to other 
circumstances. 
 
CONCLUSION 
With the internal validation process of PQRc, 
the latter is reduced from 49 to 21 items, showing 
the importance of this type of study. The results 
obtained and the conclusions reached reflect a 
more assertive form of applying the 
questionnaire. The fact the values presented 
weaknesses in the discriminant validity, implies 
that there may be problems when interpreting the 
results. However, it must be highlighted that no 
instrument was found that can evaluate risk 
perception in canyoning by those who practised 
it. For such a reason, this questionnaire can be 
regarded as the beginning of a means to be 
developed. It is also to be stressed that this 
questionnaire has only been developed for the 
Portuguese and Spanish population, with the 
knowledge that alterations may be possible in the 
dimensions in other countries. Additional 
research is required to provide the viability 
analysis of this evaluation and reproduce this 
instrument for other countries. Thus, for us, it 
makes sense to be able to strengthen this area of 
study, being a modality that is growing and that 
has been proving its risks in a more drastic way, 
with the increasing number of victims. 
We intend to build a broader and more 
sustained knowledge, from a risk perspective to 
aid the comprehension of decision making, thus 
being able to develop another type of tool in order 
to help the practitioners to improve their 
performance in regard to their security. This 
proximity established with the various 
stakeholders allowed us to establish a very wide 
network of contacts, with several experts from 
the fields of intervention of canyoning, from 
practitioners, academics in the area, even the 
intervention and rescue groups in the national 
territory and Spanish, with whom we shared 
experiences and opinions resulting in a 
comprehensive set of information valid for future 
research. 
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